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ABSTRACT Approximately 15% of the world’s population have some form of disability and the majority 
use apps on their mobile devices to help them in their daily lives with communication, healthcare, or for 
entertainment purposes. It is not, however, easy for users with impairments to choose the most suitable apps 
since this will depend on their particular personal characteristics or circumstances in a specific context, and 
because such users require apps with certain accessibility features which are not always specified in the app 
description. In order to overcome such difficulties, it is necessary to obtain a user profile that gathers the 
user’s personal details, abilities, disabilities, skills, and interests to facilitate selection. The basis for our 
research work is to develop an app that recommends a set of apps to users with disabilities. In this respect, 
the focus of this paper is to obtain a semantic user profile model on which more precise search requests can 
be performed. The disability we have chosen to concentrate on is that of visual impairment. We propose an 
ontology-based user profile that matches users’ characteristics, disabilities, and interests, and which not 
only simplifies the classification process but also provides a mechanism for linking them with existing 
disability ontologies, assistive devices, accessibility concepts, etc. Moreover, thanks to the inclusion of 
semantic relations and rules, it is possible to reason and infer new information that can be used to make 
more personalized recommendations than a simple app store search.  
INDEX TERMS ontology, disability, ICF, accessibility, user profile, inclusion, apps, mobile device
I.  INTRODUCTION 
 
Mobile apps enable users to select suitable content or 
functions according to their preferences, interests, abilities, 
context, culture, etc. The huge, ever increasing number of 
apps which are available on the most famous online app 
stores (Apple App Store and Google Play) have been 
designed for almost every imaginable possible task: 
entertainment (e.g. listening to music, watching videos, or 
playing games), sharing photos, or expressing opinions on 
social networks (e.g. Instagram or Facebook), shopping (i.e. 
Amazon, eBay, Wish or Aliexpress), etc. The categories of 
Medicine or Health & Fitness include a variety of m-Health 
or health-related mobile apps such as pill reminders, and 
physical activity, weight or diet trackers and 
recommenders. 
A number of studies have explored the need for support 
apps for activities such as going to the beach [1], doing 
physical exercise [2], working [3], or keeping fit, and 
consequently app store categories (e.g. Lifestyle, Food & 
Drink, Medical, Health & Fitness or Beauty) include apps 
that can help users improve their lifestyles with new health 
routines, activities, or sports (e.g. yoga, relaxation, 
stretching, or diets). Users therefore have access to an 
increasing number of applications for almost any task 
imaginable by searching the various categories.   
One further difficulty is that of deciding between apps in 
the app store. By way of example, a Play Store search for 
the term “video” returns more than 250 apps. In order to 
decide which app to download, the user must obtain more 
information by reviewing the app description and reading 
reviews in order to determine whether it meets their needs 
before they install it. This is by no means an easy task and 
further complicated by the fact that names, descriptions, or 
reviews might be written in a foreign language or perhaps 
the descriptions are not available, are incomplete, or are in 
an inaccessible format. For example, the results of an app 
store search might provide information that could only be 
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presented in a pictorial or visual way, e.g. screenshots with 
no alternative textual descriptions or descriptive audios 
which means that visually impaired users might not be able 
to access all the app contents in order to take advantage of 
all the app functions and purposes (e.g. edit, create or 
watch) in addition to the accessibility features, which may 
not always be specified [4].  
It is important to mention the fact that most apps are 
developed for the general public and do not consider 
whether it is possible for people with disabilities to use 
them. In 2020, the world population had reached 7.8 billion 
people [5] with 1150 million of these having some form of 
disability [6]. It is therefore possible to say that a large 
proportion of the population are unable to access certain 
apps [7]. Our motivation and commitment behind this work 
is to solve problems relating to the search, selection, and 
installation of apps for people with disabilities on their 
mobile devices. 
A great deal of research has focused on developing apps 
to help people with different types of disabilities [8] [9] 
[10] [11] [12]. Although a small number of apps have been 
specifically designed for people with special needs or 
disabilities, it would be possible for them to use some of the 
apps developed for the general public if these contained 
certain accessibility features according to the users’ needs. 
In terms of usability and accessibility, many mobile 
devices and apps are not always easy to use, and they might 
be impossible for people with any functional difficulty to 
use. The possible access barriers might even result in a 
digital gap and the exclusion of certain users, particularly 
for people with visual disabilities.  
Existing initiatives such as the World Wide Web 
Consortium (W3C) [13] and advancing assistive 
technologies such as screen readers or voice input, 
however, have already helped to break down some of the 
barriers by providing users with special needs with adapted 
access to mobile devices [14]. Technology, therefore, plays 
a crucial role for people with disabilities and facilitates the 
social integration of people with visual disabilities [15] 
since the tools provide better accessibility in their daily 
activities [16]. 
To sum up, problems arise from the results obtained after 
the app search process since these might be inaccessible for 
people with disabilities, and such problems relate to the 
way the information is presented. In order to solve these 
issues, it is necessary to identify the user’s personal 
characteristics, their current context, and the technology 
available. By considering the user profile at a specific time 
and location for a particular mobile device, we can search 
the app stores for the most suitable app for the user by 
including their disabilities. This will ensure that all users 
have the same opportunities when searching and using apps 
and this will in turn improve both their satisfaction and 
well-being [17]. 
The main objective of this work is to use ontologies to 
model user profiles for app users by considering their 
disabilities and capabilities. A previous version of this 
model was presented in [18] but this has been improved in 
this paper with the inclusion of new features and 
relationships between concepts in order to obtain better 
results for the query requests. Each and every stage of the 
model will be described in order to provide a more 
thorough understanding of it. In order to handle the user’s 
personal details, abilities, disabilities, skills and interests, 
we define, design, and implement an ontology to build the 
user profile and this is called the User Profile Ontology. In 
this process, existing ontologies modelling user 
characteristics, disabilities, and interests have been analyzed 
so that they may be reused, and this is one of the benefits of 
using ontologies. We also define relationships and properties 
to enable reasoning about the user data and information that 
had not been explicitly modelled to be inferred and this 
would allow richer answers to the queries. 
Additionally, we have chosen the option of ontologies to 
take advantage of the possibilities that they offer in terms of 
reducing the effort involved in the initial learning phase of 
a recommender system [19]. Although our paper focuses on 
the User Profile Ontology, other ontologies are also being 
developed as part of our research (e.g. Apps Ontology, 
Accessibility Features Ontology, Devices Ontology, 
Languages Ontology, and Context Ontology). This series of 
finished ontologies will comprise the knowledge base for a 
recommender system which will suggest more personalized 
recommendations about the most suitable apps for the user 
[20] and which is better than a simple app store searcher 
due to the additional knowledge obtained [21]. 
The rest of the paper is organized as follows: Section 2 
details related work; Section 3 presents and explains our 
integrated ontology for compiling user profiles; Section 4 
shows examples of the answers to queries obtained by 
reasoning with the ontology; and, finally, Section 5 outlines 
our conclusions and future lines of research. 
 
II.  RELATED WORK 
 
The user profile is a set of characteristics and preferences that 
define a person. Some of these possible features concern 
personal data such as gender, age, religion, or country, and 
other terms can be added to the list such as personal tastes, 
interests, or disabilities. All these terms can help to define a 
person’s profile more precisely. 
Disabilities can affect people’s daily lives due to the 
variety of activities that they may want to perform although 
some of these tasks can be completed using aids that have 
been specifically adapted to the user’s disability. Mobile 
devices can represent one such tool since they are portable, 
cheap and incorporate apps for performing almost any task. 
The problem arises, however, when a user needs to select an 
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app to perform a specific task from the vast number of apps 
available on the app store.  
It might be interesting for there to be a system that 
recommends the most suitable app for performing a task 
according to each user’s needs. In order to build a user 
profile, it is necessary to consider certain aspects that can be 
gathered such as disability and personal information. The 
following subsections analyze various existing user profile 
ontologies to check whether any fits our purpose, and to 
classify the disabilities that may be included in the user 
profile. 
A.  CLASSIFICATION OF DISABILITIES. ICF. 
 
In view of the various aspects affecting disability and the 
high number of professionals involved in all the related 
fields of research (psychology, social services, education, 
medicine, etc.), there is a wide range of disability-related 
terms, definitions, and classifications. In these times of 
globalization, it is necessary for there to be a clear idea of 
the implied concepts and their classification so that a global 
and common language may be used. 
For this reason, the WHO approved the International 
Classification of Functioning, Disability and Health (ICF) 
[22] which aims to approximate, simplify and unify 
terminology, and identifies disability-related problems. The 
ICF is supplementary to the International Statistical 
Classification of Diseases and Related Health Problems 
(ICD-11) [23] that was previously published by the WHO. 
According to the ICF, body functions are physiological 
functions of body systems (including psychological 
functions), and body structures are anatomical parts of the 
body such as organs, limbs, and their components. The ICF 
also defines some important terms relating to disability and 
people’s performance. An activity is the execution of a task 
or an action by an individual, and participation is the 
involvement in a life situation. The term functioning is an 
umbrella term for body function, body structures, activities, 
and participation, and it denotes the positive or neutral 
aspects of the interaction between a person’s health 
condition(s) and that individual’s contextual factors 
(environmental and personal factors). Additionally, the ICF 
defines impairments as problems in body functions and 
structure such as significant deviation or loss, activity 
limitations as difficulties an individual may have in 
executing activities, and participation restrictions as 
problems an individual may experience in involvement in 
life situations. The term disability relates to impairments, 
activity limitations, and participation restrictions. It denotes 
the negative aspects of the interaction between a person’s 
health condition(s) and that individual’s contextual factors 
(environmental and personal factors). 
The Red Cross [24] accepts the ICF definition of 
disability and establishes its own three-group classification, 
but also considers the heterogeneity that exists in each one: 
• Physical disability: a disability that affects locomotion 
or limbs 
• Cognitive impairment: a decline in higher mental 
functions (intelligence, language, learning, etc.) and 
motor functions 
• Sensory disability: this includes individuals with 
visual and auditory problems, and deficiencies in 
communication and language deriving from these 
It is useful to know what disabilities a user might have so 
that the necessary technologies (i.e. software and hardware) 
or resources (i.e. mobile devices or accessibility devices) 
can be selected. 
From the perspective of information and communication 
technologies (ICT), disabilities affect how information, 
services, and resources are accessed in terms of perception 
and interaction [25], and disabilities such as upper limb 
motor impairment will obviously affect the user’s ability to 
use the mouse, keyboard, or touchpad [26]. In addition to 
their disabilities, users also have skills (i.e. things they do) 
and capabilities (i.e. things they are physically able to do) 
and both should be included in their user profile. 
B.  USER PROFILE ONTOLOGIES 
 
A number of projects have developed interfaces and 
ontologies in order to create the user profile, and some of 
these have been reviewed. The ontologies address the three 
main scopes of the user profile: personal details, interests, 
and disabilities. In this section, we will present a brief 
description of the ontologies on which this work is based. 
The ICF classifies health and health-related domains 
according to body functions, body structures, activities, and 
participation. As the life of an individual occurs in a 
context, the ICF also includes environmental factors. A 
number of ontologies [27] [28] model the ICF with the 
same structure and the same coding. Any domain covered 
by the ICF ontology can also be described in detail and 
graded according to severity (i.e. severe impairment of 
50%-95%, or partial or total absence of body structure). 
These ICF ontologies [27] [28] are used as the basis for 
other ontologies [29] [30] to model a user’s disabilities and 
this will be shown in the following paragraphs. 
The general user model ontology (GUMO) [31] models a 
user’s profiles in terms of the four dimensions of basic user, 
context, domain dependent, and sensors: Basic User 
contains information about demographic data and 
personality; Context represents the user’s current 
environment; Domain Dependent stores the user’s 
computing preferences, interests, and knowledge; and 
Sensor collects the user’s biometric data, speech 
parameters, and typing behavior. 
Although the GUMO ontology contains interesting data 
for building a user profile such as the user’s contact 
information, email, address, birthday, gender, mood 
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(whether they are sad, happy or excited, for example), 
personal interests (whether they like going to museums or 
are interested in science), and abilities (whether they are 
able to drive), it does not model information about the 
user’s disabilities or capabilities. 
The Open Accessibility Everywhere: Ground-work, 
Infrastructure, Standards Ontology (AEGIS) has been 
developed as part of the AEGIS project [32]. Its main 
purpose is to associate accessibility concepts and 
accessibility scenarios. Consequently, the AEGIS Ontology 
provides support for the formal and unambiguous definition 
of accessibility domains, and the possible semantic 
interactions between them. It also aims to formalize 
conceptual information about the following aspects:  
1. The characteristics of users with disabilities, 
functional limitations, and impairments (personal 
aspects) 
2. The technical characteristics of input and output 
devices, general and functional characteristics of 
web, desktop, and mobile applications, and other 
assistive technologies 
3. The natural aspects of users, such as user actions and 
logical interactions while using applications 
Since the AEGIS ontology categorizes the user’s 
disabilities, functional limitations, and impairments as a list 
of individuals rather than classes, reasoning is difficult. The 
Abilities and Disabilities Ontology for Enhancing 
Accessibility (ADOLENA) [33] was created in 2008 to 
improve the National Accessibility Portal of South Africa 
(NAP), to provide information about disabilities and 
assistive devices (i.e. wheelchairs or talking thermometers), 
and to empower people with any disability. The second 
version of this ontology works with four main interrelated 
concepts: ability, disability, device, and functionality. 
The Rat Genome Database Disease Ontology (RGD-DO) 
[34] models sensory organ diseases associated with the five 
human senses. This database was created in 1999 and is the 
first data repository and the first platform with genetic data 
obtained from rat research into genomes, phenotypes, and 
diseases. It also enables human and rat data to be compared. 
Part of this ontology is dedicated to eye diseases that 
include vision disorders that limit one or more basic 
functions of the eye. 
We have found that none of the ontologies (ICF, GUMO, 
AEGIS, ADOLENA, or RGD-DO) is capable of modelling 
every user feature (i.e. personal details, interests, and 
disabilities) at the same time. We have been able to make 
this assertion by analyzing not only how the ontologies 
make classifications but also how they include diseases that 
may cause visual disabilities and the severity of these (i.e. 
moderate or severe). While GUMO does not provide any 
information about disabilities, AEGIS and ADOLENA do 
not support personal information. The RGD Disease 
Ontology does not model personal information, and 
although it includes terms relating to disabilities and human 
diseases, it is constructed from an exhaustive medical 
viewpoint. 
For these reasons, we have selected various concepts and 
relationships from each of the analyzed ontologies. We 
have extracted personal information and user interests and 
abilities from GUMO. We have also extracted the class 
structure for classifying user disabilities from ADOLENA 
and ICF, and we will also include new concepts to create a 
more complete user profile. Finally we have selected 
individuals to populate the ontology from AEGIS, RGD-
DO, and ICF.  
III.  PROPOSAL OF AN ONTOLOGY FOR USER 
PROFILES 
 
One objective of our work is to develop a system that allows 
information to be gathered from diverse fields so that it may 
be collected, stored, and used in a near future by an app that 
will make recommendations about the apps that best match 
user needs and preferences. Since our aim is to combine this 
information and treat it as a set, we will follow the Bravo, 
Hoyos, and Reyes methodology [35] which defines an 
ontology system comprising individual ontologies (called 
modules) which are interlinked. Figure 1 shows how the full 
system will work. 
 
FIGURE 1.  System Operation  
 
The users should first install an app on their devices [18] 
which includes the ontology system and the recommender 
system. The ontology system comprises a number of 
modules, one for each ontology: User Profile, Context, 
Devices, Languages, Apps, and Accessibility Features. In 
order to improve efficiency, a local copy of the ontology 
system is stored on the device once the app has been 
installed and configured. The app needs to request and 
gather information (e.g. user’s profile, context and device, 
and accessibility devices or features if required) in order to 
make personalized recommendations. The first time the app 
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is used, the user profile is configured by the user or the user’s 
tutor using the app interface.  
Once the requested information has been collected, new 
instances are created with the data provided and these are 
added to their corresponding ontologies (i.e. personal 
information to the module User Profile Ontology, device 
information to the module Device Ontology, etc.) and all the 
ontologies will form the knowledge base (with relationships 
and rules relating the information of the ontologies) that will 
be used by a recommender system to provide the 
recommendations. Finally, the recommender system will 
generate recommendations using the ontology system and it 
will show possible apps that match the user profile. 
The Bravo, Hoyos, and Reyes methodology provides 
methods and techniques to support the construction of 
ontologies. It is based on the creation of an ontology system 
which is a global ontology that imports individual ontologies 
(or modules) which are semantically interrelated within the 
global ontology. In our case, we want to create and link 
various ontologies from different scopes such as user profile, 
context, or apps, which will form an ontology system.  
This methodology comprises four steps that guide 
developers through the construction of the ontology system: 
    Step 1. Ontology requirements 
    Step 2. Ontology design 
    Step 3. Ontology construction 
    Step 4. Ontology evaluation 
The following subsections of this paper present and 
describe the steps of the process for obtaining the ontology 
system and also the individual ontologies and their classes, 
subclasses, properties, and instances. The methodology also 
includes the reasoning process and the inclusion of inference 
rules.  
Although we have followed the methodology for obtaining 
the ontology system, in this section we only examine the 
User Profile Ontology since this is the target of this paper. 
A. STEP 1: ONTOLOGY REQUIREMENTS 
 
The first step of the Bravo, Hoyos, and Reyes method 
involves establishing the ontology requirements by 
identifying the scope and defining possible scenarios, users, 
and capacity of the ontology in order to provide answers and 
quality characteristics. This phase is completed once the 
following tasks have been completed: 
a) Specify the motivation: the motive for creating an 
ontology system is to gather a series of characteristics 
about users, apps, contexts, devices, accessibility 
features, and languages that enable a recommender 
system to obtain personalized recommendations for a 
particular user by considering on account of their 
personal circumstances.  
b) Specify the competency of the ontology: the ontology 
should answer questions about its stored and linked 
information, such as the most suitable app for a user 
with a specific severe visual disability, or the best device 
for a user who is missing a limb and cannot speak 
English. It should also make queries on the basis of the 
user’s abilities in terms of what accessibility devices and 
features are required by a user with a particular mobile 
device, who can read but cannot hear. In this way, the 
ontology system should cover the spheres of user, apps, 
context, accessibility features, devices, and languages.  
B. STEP 2: ONTOLOGY DESIGN 
 
The second step is to design the ontology to obtain a 
formal model. In order to achieve this, three steps are 
required to build the ontology modules as part of the model 
(i.e. individual ontologies): 
a) Term elicitation: we identify elementary concepts for the 
knowledge domain such as user, apps, disability, mobile 
device, accessibility features, accessibility devices, 
languages, skills, or abilities. This list of concepts will 
be analyzed to identify which belong to each ontology 
module. 
b) Module identification: with the elementary concepts of 
the previous list, we will model the relevant domains 
that will be transformed into individual ontologies. 
Initially, there are two relevant domains: the user, 
which is a profile of a person, and the app, which is a 
set of characteristics that comprise the app profile. 
However, these are not enough to make a personalized 
recommendation since the user’s background plays an 
important role in decision-making, and so background 
must also be considered and is modelled using 
ontologies. This has been split into four parts so that 
the ontologies may be reused. The first of these is 
context, in terms of the user’s circumstances, date and 
location; the second is mobile device, with information 
about the features of the mobile device; the third is 
accessibility features, which are the desirable or 
available characteristics for apps and for users with 
disabilities according to the accessibility guidelines as 
recommended by WCAG 2.0 [36] and MWABP [37], 
as well as additional devices that enable people with 
special needs to access information; and the fourth is 
languages, both in terms of the languages the users can 
speak and the app language.   
These domains will be transformed into various 
individual ontologies or modules so that they can be 
modeled (User Profile Ontology, Apps Ontology, 
Context Ontology, Mobile Device Ontology, 
Accessibility Ontology, and Language Ontology). 
Since the sole focus of this paper is the User Profile 
Ontology, although we will mention the remaining 
ontologies, they are beyond the scope of this paper. 
c) Individual ontology design: for each identified ontology 
module, its hierarchy, data properties and object 
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properties are described using description logic notation 
(DL). 
CLASSES AND SUBCLASSES 
 
This subsection provides a more detailed description of the 
design, the classes, and the subclasses of the User Profile 
Ontology. The main classes arise from the user dimensions 
e.g. disabilities, skills to acquire or improve, abilities, 
evaluation of disabilities, personal details, and interests.  
The User Profile Ontology is defined in DL in Figure 2. 
FIGURE 2. User Profile Ontology in DL 
 
1)  DISABILITY 
 
The first user dimension is disability, together with its 
classification, degree, and the diseases that may cause it. 
Based on WHO, ADOLENA and Red Cross proposals, we 
propose a new organization for disability-related terms so 
that they may in turn be associated with mobile devices and 
apps. Since our work focuses on visual disabilities, this 
classification will be more detailed than others and may well 
be extended in the future. There are four main types of 
disability: 
• Physical disability: impairments that affect body and 
limb mobility  
• Cognitive disability: intellectual and mental 
impairments 
• Communication disability: all impairments relating to 
language and speech, either acquired, congenital, or 
caused by other disabilities 
• Sensory Disability: this is divided into visual and 
hearing disabilities because of their influence on the 
use of ICTs 
The disability class hierarchy is shown in Figure 3. 
  
FIGURE 3.  Disability Class Hierarchy  
 
2)  DISEASE 
 
It is also possible for certain diseases to cause disability and 
impairment according to their severity [22]. For example, 
Stage 4 glaucoma could be considered as blindness. We 
have included classes for modeling possible diseases which 
might cause certain disabilities according to the disability 
classification. This severity of the disease and the disability 
percentage will also be modeled. Figure 4 shows the 
diseases class hierarchy. 
 
FIGURE 4.  Disease Class Hierarchy 
 
3)  SKILLS 
 
It is possible to improve, develop, or acquire certain skills 
to replace the disabilities that a user may have, such as, for 
example, improving the sight of users with myopia, or 
improving the hearing of users with impaired hearing.  
We will classify the skills relating to the parts of the 
body or functions that we want to develop or train. In order 
to do so, we begin with the ICF since this provides a 
classification of human functioning and disability. By 
identifying the problem, we can then try to improve it. 
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The ICF helps with the creation of a user profile on 
account of functioning, disabilities, and health using three 
levels of classification: body structures, activities, and 
participation, and specific values extracted from other 
levels. Each level is then split into more detailed categories.  
The first level gathers the disability classification 
proposed in Section II.A according to body structure 
(physical, cognitive, communication, and sensory). In the 
second level, the domain activities and participation are 
divided into new areas relating to any of the body structures 
(i.e. visual and hearing, or attention and memory functions). 
In the third level, specific examples are obtained from the 
previous levels. We will use these values as the skills that 
people could train, acquire, or improve (e.g.  visual acuity 
or hearing stimulation). This three-level classification is 
shown in Table I, where Level 1 corresponds to the column 
Disability, Level 2 to the column Functioning, and Level 3 
to the column Skills. 
TABLE I 
CREATED STRUCTURE FOR SKILLS  
 
TABLE I 
CREATED STRUCTURE FOR SKILLS (CONT) 
 
We have modelled the user’s skills using the same 
organizational structure as Table I. It is therefore possible 
to classify the appropriate skills and link these with the 
classifications in the disability class. The skills class 
hierarchy is shown in Figure 5. 
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4)  USER ABILITIES 
 
User abilities are the capabilities for performing a task. 
Unlike skills, abilities tell us whether a person is able to 
perform a task, such as riding a bicycle for example, even if 
their disability was loss of mobility in both legs as the user 
could use an adapted bicycle and possessed other abilities 
required to ride it. It would therefore be possible to 
recommend certain apps or perform certain tasks instead of 
others according to the user’s abilities. For example, if a 
user has a visual disability but is able to hear and wants 
something to read, the system will recommend audiobooks. 
This feature will be extracted from the Abilities class which 
is a subclass of the basic user dimensions in the GUMO 





















FIGURE 6.  Abilities Class Hierarchy 
 
5)  EVALUATION OF THE USER’S DISABILITY 
 
Disabilities are graded in the ICF [22] by using a generic 
scale to denote the magnitude of the disability in an 
individual. This must be applied using the most significant 
adjective to a particular situation as indicated in Table I. As 
we have mentioned, diseases or disabilities can be graded 
according to ICF classification for body functions. This 
degree is shown in Table II. 
The ICF uses Table II  to classify the three first-level 
components (i.e. body functions, structures, and activities 
and participation) that are coded with a letter (b for body 
functions, s for structures, and d for activities and 
participation), followed by a series of 3-5 numbers, 




































The xxx indicates the coding of the second and third 
levels in terms of the user’s difficulties or abilities in these 
domains. For example, in the coding b21020, b represents 
body functions, the first 2 refers to Chapter 2 in the ICF 
entitled “Sensory Functions and Pain”, 10 refers to Seeing 
Functions, the second 2 represents Quality of vision, and 
the final 0 stands for Light sensitivity. This coding 
according to level (or degree as we  have called it) enables 
quantification since it is possible to assign a value from 0 to 
4 which can then be converted into words (e.g. 0 to NO 
problem, or 3 to Severe problem) to indicate the magnitude 
of any problem. To be more concise, we have added certain 
words as qualifiers such as slight or severe. There is also an 
association with the percentages that can be used in cases 
where the problem can be measured. The ranges are 
calibrated according to population standards and expressed 
as percentiles (e.g. 25-49%). Table II enables us to compare 
data and to provide more information when the user cannot 
explain their situation exactly but can provide some words 
to classify it. 
We also include the format of the methods used (i.e. test 
or interviews) and the obtained evaluation results for the 
user’s disabilities. This information enables us to calculate 
the percentage of disability recognized for an individual 
user. This percentage corresponds to a value that will be in 
one of the ranges listed in Table I, and so it is therefore 
possible to grade the users’ diseases and then consider the 
level of disability. 
In the case of visual disability, professional opticians use 
a series of tests to evaluate a person’s visual disability by 
considering visual acuity, visual field, or chromatism. The 
Wecker Scale [38] is used in Spain to calculate visual 
acuity by calculating the percentage of disability according 
to law. The disability evaluation might suggest the need for 
additional support so that a person can perform a task.  
The hierarchy of the user disability evaluation class is 
shown in Figure 7. 
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FIGURE 7.  User Disability Evaluation Class Hierarchy 
 
6)  USER’S PERSONAL DETAILS 
 
We will reuse the following information which has been 
extracted from GUMO in the Basic User Dimension class: 
name, age, age group, education level, first language, 
gender, and highest level of education.  
We consider personal characteristics to be gender and 
age, and the age group to include baby, child, teenager, 
adult, and elderly, and education-related characteristics to 
include IQ (Intelligence Quotient), spoken or known 
languages, and the highest education level (low, basic, 
medium and high in order to standardize the various 
educational systems in each country).  
We have chosen these data because they are connected 
with some of the information provided by the app stores 
and so they may indicate which kinds of apps should be 
recommended for these users, or the appropriate level of 
difficulty for them. For example, an adult with a low 
educational level or a foreigner with a non-Romanic 
language might need an educational app to learn how to 
write vowels in English, and this may well be the same app 
as that used by a 4 or 5-year-old child. 
In this case, age classification is key because one of the 
ways app stores classify apps is by using the recommended 
age. Although categorization may differ according to the 
app store used, we use the following classification in this 
work: baby for 0 to 3-year-olds, child for 4 to 9-year-olds, 
teenager for 10 to 17-year-olds, adult for 18 to 59-year-
olds, and elderly for people over the age of 60. The data are 
summarized in Table III. 
 
TABLE III 
CLASSIFICATION BY AGE RANGE 
Group From (age) To (age) 
Baby 0 3 
Child 4 9 
Teenager 10 17 
Adult 18 59 
Elderly 60 - 
 
The user’s age is modelled as a number rather than a class 
in order to have the real value and not a range or class. 
Additionally, we have considered languages as an 
individual ontology but in order to link the User Profile 
Ontology with it, we have inserted various relationships as 
object properties. New information can be added in order to 
obtain more extensive knowledge about the user to improve 
the quality of the recommendations. For example, 
information about the user’s profession or interests could 
help to recommend apps which best suit the user.  
The hierarchy of the User Personal Details class is shown 










FIGURE 8.  User Personal Details Class Hierarchy 
 
7)  USER’S PERSONAL INTERESTS 
 
Possible typical user interests have been added as 
subclasses and these are extracted from the domain 
dependent dimension of the GUMO ontology: 
environmental topics, film, museum, music genre, musical 
instruments, PC-games, recreation, science, and sports. We 
have also included two new categories called healthy life 
and literature as these terms are connected with app 
categories and do not appear in the GUMO ontology. This 
is a wide list in order to cover most user interests regardless 
of their disability. The presence of any of these interests in 
a user profile can determine the recommendations of one 
app that belongs to one category if it is closer to the user’s 
tastes or preferences than another.  
The hierarchy of the User Personal Interests class is 















FIGURE 9.  Hierarchy of User Personal Interests Class 
8) PERSON CLASS 
We have added a class Person which includes the created 
user profiles and which is the main domain for the 
relationships between the remaining classes. Figure 10 
shows the class Person and its instances. 
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FIGURE 10.  Person Class Hierarchy 
 
PROPERTIES OF THE ONTOLOGY 
 
This section establishes the properties of the objects and 
data. 
 
1)  OBJECT PROPERTIES 
 
Object properties connect two classes through a semantic   
link which can be restricted by domain and range. In the 
User Profile Ontology, a relationship can be established 
between the different domains of their classes to extend the 
knowledge required for the application of the system. In 
this case, for example, we have a relationship called 
hasDisability that is used to connect a user with one or 
more disabilities they may have. Another object property is 
called userHasInterests, where its domain is the user and its 
range is the User Personal Interests class. The domain of 
every case in this ontology is the Person class, however 
there are three relationships with different domains:  
- languagesHasUser with domain Languages from the 
Languages Ontology, that will be linked later 
- topicsBelongsToUserInterest with domain 
Categories from the Apps Ontology 
- userInterestHasTopic, which has the class 
UserPersonalInterest as its domain 
In several cases, object properties have an inverse 
relationship, as in the case of userHasSpokenLanguage and 
LanguageHasUsers. 
It is necessary for us to include several object properties 
for any type of disability in order to distinguish between 
them when a user might have more than one, such as the 
magnitude qualifier for each disability because they may 
have a mild, cognitive disability but a severe, visual 
disability. It also allows us to complete the equivalence 
values of Table II once we have one of them (i.e. degree, 
magnitude, and percentage). 








This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/
This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI
10.1109/ACCESS.2021.3065274, IEEE Access
 
VOLUME XX, 2017 9 
2)  DATATYPE PROPERTIES 
 
A data type property connects an individual to a value. 
They are used to describe the following basic 
characteristics for a user in the class Person: 
• userHasAge: the user’s current age 
• userHasDisabilityPercentage: the user’s disability 
percentage according to law provided by an optician 
using the Wecker Scale [28] to calculate visual acuity 
• userHasGender: the user’s gender 
• userHasIQ: the users’ intelligence quotients (IQ) can 
affect recommendations 
• userHasName: the name that identifies the user 
The data type properties of the ontology are shown in 
Figure 12. 
  
FIGURE 12.  Datatype Properties of the User Profile Ontology 
 
C. STEP 3: ONTOLOGY CONSTRUCTION 
 
The third step is to construct the ontology and this includes 
coding and integrating the ontologies into the ontology 
system.  
a) Implementation of the ontology modules using the 
Protégé editor [39] and OWL [40]: User Profile 
Ontology, Apps Ontology, and Languages Ontology 
have been implemented. 
b) Implementation of the ontology module using the 
Protégé editor [39] and OWL [40]: User Profile 
Ontology, Apps Ontology, and Languages Ontology 
have been implemented. 
c) Population of the ontology module: we populated and 
integrated the ontology modules into the ontology 
system.  
d) Integration of the ontology system: the ontology system 
comprises a series of ontologies. The ontology system 
now consists of the User Profile Ontology, Apps 
Ontology, and Languages Ontology. The ontology 
model is shown in Figure 13. 
e) Integration of the ontology system: the ontology system 
comprises a set of ontologies, and currently includes the 
User Profile Ontology, Apps Ontology, and Languages 
Ontology. The ontology model is shown in Figure 13. 
 
As we have already mentioned, we will only describe 
the process for populating the User Profile Ontology. The 
ontology has been populated with instances that are objects 
with real, specific values, most of which have been obtained 






FIGURE 13.  Ontology System Integration 
 
The Cognitive (Disability) class, therefore, includes the 
instances of academic skills disorders, Alzheimer’s, 
Asperger’s syndrome, attention deficit hyperactivity 
disorder, autism, dementia, Down’s syndrome, learning 
disabilities, Rett syndrome, and traumatic brain injury. The 
class Communication (Disability) includes the instances of 
expressive language disorder, non-verbal learning disorder, 
and speech and language disorders. The class Physical 
(Disability) includes the instances of limb absence, arthritis, 
cerebral palsy, dystrophy, multiple sclerosis, Parkinson’s 
disease, quadriplegia, reduced limb function, tic disorders, 
and Tourette syndrome. The class Hearing (Disability) 
includes the instances of deafness, mixed hearing loss and 
sensory neural hearing loss. The class Visual (Disability) 
includes some typical visual disabilities which will be 
graded using the terms from the Evaluation Magnitude 
class (i.e. no problem, mild problem, or severe problem). 
This class includes common visual disabilities that can be 
corrected with optical help such as astigmatism, 
farsightedness and myopia, blurred vision, cataracts, color 
blindness, light sensitivity, loss of central vision, loss of 
peripheral vision, and night blindness and blindness. 
In the Visual Disease class, we have included some real 
diseases that may cause blindness or visual disability, such 
as lack of vitamin A, amblyopia, cataracts, diabetic 
retinopathy, glaucoma, macular degeneration, 
onchocerciasis, optic neuropathy, trachoma, etc. 
For the class Person, we have created four typical users 
based on real people and their characteristics: 
• User_P is a 12-year-old teenage boy who has been 
diagnosed with a learning disorder and disability, 
and whose main interests are puzzle apps. He wears 
glasses for his blurred vision. 
• User_T is a 17-year-old teenage girl with optic 
neuropathy and loss of peripheral vision and blurred 
vision. She is a secondary school student and loves 
classical music. 
• User_V is a 72-year-old elderly woman with age-
related cataracts and physical difficulties caused by 
arthritis. She is also in the early stages of 
Parkinson’s disease.  
• User_S is a 54-year-old man with age-related 
deafness and farsightedness who is able to see and 
write. The details for User_S are shown in Figure 14. 
This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/
This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI
10.1109/ACCESS.2021.3065274, IEEE Access
 
VOLUME XX, 2017 9 
 
FIGURE 14.  Object Properties of User S 
 
We have defined four educational levels for the user’s 
personal details (low, basic, medium, and high) according 
to the user’s level of studies (no studies, primary studies, 
secondary studies, or higher studies). The age range 
contains baby, child, teenager, adult, and elderly, according 
to the age range classification in Table III. 
Finally, the user’s personal interests contain a list of the 
predefined user interests obtained from the GUMO 
ontology. These are related with their subclasses (e.g. 
environmental topics, film, museum, music genre, musical 
instruments, or PC-games): classical music, pop music and 
rock music, poetry, puzzles, sports games, etc. 
 
D. STEP 4: ONTOLOGY EVALUATION 
 
In the final step, the ontology evaluation attempts to obtain 
new inferred information from the ontology system created. 
One advantage of ontologies is that they allow users to 
reason [40], and once we have the user profile, we can 
reason about it in order to obtain new information. A 
reasoner is software that is able to deduce logical 
consequences from a series of facts and offer a larger set of 
mechanisms to work with them. The Pellet reasoner [41] 
works with OWL and can be used in Protégé. 
We have incorporated a number of inference rules to 
describe relationships that cannot be obtained in any other 
way. Inference rules are specified using a language of 
ontologies and a descriptive language. The Semantic Web 
Rule Language (SWRL) [42] is a rule-based language 
designed as an OWL extension that supports the writing of 
relationships that cannot be described using the OWL logic 
description since it is not sufficiently expressive. SWRL 
uses the same descriptive logic as OWL, and provides 
similar inferences and classifications of concepts and 
properties. 
We have added five rules for grouping users according to 
the age ranges listed in Table II: a child under 4 is classified 
as a baby; a user between the ages of 4 and 9 is a child; a 
user aged 10 to 17 is a teenager; a user between the ages of 
18 and 59 is an adult; and, finally, users over the age of 60 
are elderly. This information is shown in Figure 15. 
 
 
FIGURE 15.  Classification Rules according to Age 
 
Five further degrees of impairment have been included to 
indicate the different levels of disability that a user may 
have, and this degree scale follows the ICF categorization 
presented in Table II. The following five rules can be 
applied to visual impairment:  
- A person with a degree 0 is not considered to be 
visually impaired.  
- A person with degree 1 has slight visual impairment 
and this is considered a mild visual disability. 
- A person with degree 2 has moderate visual 
impairment 
- A person with degree 3 has severe visual 
impairment. 
- A person with degree 4 has complete visual 
impairment or is blind. 
 
The aim of these rules is to convert the degree of visual 
impairment into the standard classification provided by the 
ICF. Further rules will be included once the ontology 
system has been created. In this way, we can link domains 
from different modules such as age range and apps when 
we want to identify the most suitable apps for a certain age. 
We could also deduce additional information from that 
which we already have in the inference process. 
 
IV.  RESULTS 
 
In this section, we will show some of the possible results 
that can be obtained by reasoning with the ontology.  
Once we have created the User Profile Ontology and 
incorporated various inference rules, we need to merge the 
User Profile Ontology with the Apps Ontology to obtain 
new information about the recommended apps for a user. 
The Apps Ontology gathers a series of basic features (e.g. 
name, category, file size, or store) and other complementary 
ones (e.g. recommended age, mode of play, apps designed 
for specific users, and skills that users can acquire or 
improve) and this constitutes the app profile. One example 
of user profile might be: User_S who is a 54-year-old man 
who suffers from farsightedness and deafness, who is 
interested in yoga, and wants to go on a diet, and the system 
must identify the apps to recommend to this user. This 
example written in SWRL is: 
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Person(?p) ^ RangeOfAge(?p, Adult) ^ 
hasVisualDisability (Disability_Farsightedness) ^ 
hasHearingDisability(Disability_Deafness) ^ 
userHasInterests(Yoga) ^ userHasInterests(Diet) -> 
Apps(?app) ^ userHasRecommendedApps(?app) 
 
 
From the Apps Ontology instances, the reasoner infers that 
certain apps are suitable for User_S, and these are deduced 
according to the information. These are inferred according 
to the provided conditions of age, disabilities, and interests 
from the user profile. Apps such as “Fitness Meal Planner” 
and “Keep Yoga - Yoga & Meditation” are obtained, for 
example, since they match his personal interests. Other 
apps such as “Vision test” or “Color Blind – test su ojo” are 
also obtained because User_S has a hearing disability, or 
“Fleksy-GIF Web & Yelp Search” and “Resuscitation!” due 










FIGURE 16.  Recommendations for User S 
 
The explanation given by the Pellet reasoner for the 
recommendations shows that User_S is interested in diet 
(and therefore also in healthy living) and yoga (and 
therefore also in sports). Both interests lead the system to 
obtain various apps for the user from the Health & 
Wellness app category. Both the “Fitness Meal Planner” 
FIGURE 17a.  Explanation for inferences. App BlindTool 
FIGURE 17b.  Explanation for inferences. App Bebot Robot Synth 
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and the “Keep Yoga – Yoga & Meditation” apps appear in 
the Health & Wellness category and so these are also 
inferred by the system. 
The system also considered the user’s visual disability 
(Farsightedness) as a mild visual disability according to the 
previously established rules which means that the user can 
lead a normal life by wearing glasses or lenses. Taking this 
into account, the system also infers apps intended for 
people with mild visual disability such as “ErgoVidrio” or 
“Blind Tool” (Figure 17a). Because of the user’s deafness, 
the system also infers the app “Bebot Robot Synth” (Figure 
17b) which will help him improve his hearing. Figures 17a 
and 17b illustrate how the system makes app inferences on 
the basis of the rules established for the ontology. As we 
can see, in order for the system recommend suitable apps 
based on the profile of User_S, it is not necessary for the 
system to know much information since it is able to build a 
more complete profile and make inferences by generating 
new knowledge based on existing information and the 
added rules. 
V.  CONCLUSIONS AND FUTURE WORK 
 
It is often difficult for people with disabilities to manage 
their mobile devices and their apps, and they may find it 
hard to find a suitable app in the app store. The app store 
has a section with the newest apps which can be searched 
according to age, key word, or category, and returns a list 
of apps that users must evaluate before deciding which best 
suits their needs. The decision-making process is a complex 
task due to the number of similar apps shown in the list, and 
one that is further complicated by factors such as 
inadequate information to help the user decide, the app only 
being available in a foreign language, text being too small, 
there not being any indication of who the app is intended 
for, or what the purpose of the app is. Users might have 
special requirements when it comes to using apps since the 
vast majority does not include their accessibility features in 
their description.  
We have solved this situation by modeling an ontology 
system which includes user profiles with the intention of 
making personalized recommendations of suitable apps for 
users according to each user’s characteristics and needs. In 
order to build the user profile, we have created a new 
classification of disabilities and skills (Table I) based on the 
ICF. We have also included personal details, personal 
interests, abilities, diseases, and the evaluation of the user’s 
disabilities to compile a complete user profile. Various 
rules have also been added to obtain new information that 
cannot be deduced in any other way.  
Since the reasoning of the User Profile Ontology does 
not obtain any inference of apps, we have merged it with a 
previously developed Apps Ontology [4] so as to obtain 
more complete inferences.  
In cases where the user profile might be incomplete, the 
new User Profile Ontology and the reasoner make it 
possible to obtain a more complete user profile and 
personalized recommendations about the most suitable apps 
according to the available personal information, disabilities, 
and interests by deducing new information based on 
existing information. As more information is added to the 
ontology, we could obtain more complete 
recommendations.  
We have used the Bravo, Hoyos, and Reyes method to 
create the ontology system, and this models the information 
gathered by several ontologies and forms the knowledge 
base for a recommender system. 
Although we have focused this work on people with 
visual disabilities, it can be extended to include other 
impairments, disabilities, and diseases by incorporating 
more subclasses and rules into the ontology. 
We are currently completing the modelling of a series of 
ontologies that cover other domains, and this would enable 
more accurate recommendations to be made. These 
domains are: Context so as to identify the user’s 
environment, Mobile Devices so that can suitable apps be 
recommended for a specific device, Languages to identify 
those the user knows, and Accessibility Features that the 
user might require or that the app offers. All the proposed 
ontologies will also be merged with the User Profile 
Ontology and the Apps Ontology. This set of ontologies will 
effectively and accurately represent knowledge, and, by 
way of a secondary objective, will be used by a 
recommender system that will enable the user to interact 
with the system in an easy and usable way. The 
recommender system will also include a module that will 
enable us to improve the inferences. 
The system will be able to infer and make 
recommendations as shown in the following examples:  
• What are the best apps for training a user’s specific 
skills (e.g. attention or memory) on an iOS mobile 
device? 
• Which device is suitable for installing a selected app 
that is specifically designed for people with visual 
disabilities? 
• What accessibility features should be activated on a 
blind user’s Android tablet? 
• How should the device be configured for a public place 
such as a cinema or museum? 
• What apps are suitable for a specific visual disability? 
 
By way of conclusion, it is worth mentioning that the 
creation of a more complete user profile with various 
features that are not present in other user profile ontologies 
will enable us in the future to tailor app recommendations 
to users with visual impairments.  
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